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(54) INTERNAL COMBUSTION ENGINE OF VARIABLE COMPRESSION RATIO 

(57)Abstract: 

PURPOSE: To provide an internal combustion engine of variable 
compression ratio capable of realizing stabilization of 
compression ratio and also reliable control without changing the 
basic structure and the supporting method of a connecting rod 
or a crank shaft, etc. 

CONSTITUTION: A crank case 4 and a cylinder block 13 are 
not integrally formed together but connected to each other by 
right and left two compression ratio changing cam shafts 23, 24. 
Both cam shafts 23, 24 are provided with small diameter parts 
26 to be rotatably fitted to cam holders formed on the right and 
left lower ends of the cylinder block 1 3 and large diameter parts 
28 to be rotatably fitted to the cam holders formed on the right 
and left upper ends of the crank case 4. Both cam shafts 23. 24 
are so-called eccentric cams, and the center of the small 
diameter part 26 is horizontally and outwardly ofFset to the 
center of the large diameter part 28. Accordingly, when the cam 
shats 23, 24 are rotated, the cylinder block 13 is moved up and 
down in relation to the crank case 4. 
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♦NOTICES* 

JPO and NCIPI are not responsible £or any 
daxaages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The adjustable compression ratio internal combustion engine characterized by having a 
compression ratio modification means to make these cylinder blocks and a crank case approach or desert in 
accordance with the shaft orientations of the abbreviation aforementioned cylinder bore while connecting 
the cylinder block with which the cylinder bore to which the piston supported by the small edge of a 
connecting rod reciprocates the interior was formed, the crank case supported for the crankshaft which 
supports the large end of said connecting rod, enabling a free revolution, and said cylinder block and said 
craiik case. 

[Claim 2] The adjustable compression ratio internal combustion engine according to claim 1 with which said 
compression ratio modification means is characterized by consisting of an eccentric cam shaft of at least a 
left Uichi pair infixed between said cylinder blocks and said crank cases, and an eccentric cam shaft driving 
means which rotates these eccentric cams. 

[Claim 3 ] The adjustable compression ratio internal combustion engine according to claim 2 characterized 
by said eccentric cam shaft driving means consisting of the worm gear formed in said eccentric cam shaft, a 
worm gear which meshes to this worm gear, and a motor which carries out revolution actuation of this worm 
gear. 

[Claim 4] The adjustable compression ratio internal combustion engine according to claim 1 characterized 
by having an intake-pressure detection means to detect an inhalation-of-air system pressure, and the 
compression ratio modification means actuation control means which determines a target compression ratio 
and drives said compression ratio modification means based on the detection result of this intake-pressure 
detection means. 

[Claim 5] The adjustable compression ratio internal combustion engine according to claim 3 characterized 
by having a valve-opening speed detection means to detect the closing motion rate of a throttle valve, and 
the compression ratio modification means actuation control means which amends said target compression 
ratio and drives said compression ratio modification means based on the detection result of this valve- 
opening speed detection means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the adjustable compression ratio intemal combustion 
engine which can change a compression ratio according to the octane value of a fuel, change of operational 
status, etc. 
[0002] 

[Description of the Prior Art] In the jump-spark-ignition intemal combustion engine (an engine is only 
called hereafter) by the Otto cycle or the mirror cycle, the combustion chamber was made to carry out 
negative pressure attraction of the gaseous mixture which mixed air and a fiiel with the piston which 
descends within a cylinder, and it compressed with the predetermined compression ratio with the piston 
which goes up after an appropriate time, and lit near the top dead center, and the downward energy of the 
piston by dilatation of gaseous mixture is transformed into rotational energy with the connecting rod and the 
crankshaft. As everyone knows, it depends for the engine output torque on a compression ratio greatly, and 
the output torque becomes large and thermal efficiency also rises, so that compression is generally high. 
Therefore, in the natural aspiration engine for common automobiles at recent years, lifting of the octane 
value of a fiiel also has 9 thru/or about 1 1 high compression ratio engine in use near a knocking limitation 
conjointly. 

[0003] Now, the compression ratio mentioned above is the so-called theoretical compression ratio 
(geometric compression ratio), and that compression with this compression ratio is realized is the case where 
the gaseous mixture of one atmospheric pressure is attracted in a combustion chamber. However, since the 
inhalation-of-air resistance by the air cleaner, an inlet pipe, etc. exists in an inhalation-of-air system, in 
natural aspiration, the gaseous mixture of one atmospheric pressure is not attracted in a combustion 
chamber. Moreover, since throttle equipments, such as a butterfly valve, are arranged and the output control 
is performed in the inhalation-of-air system, for example in the gasoline engine, the pressxires in an 
inhalation-of-air system differ greatly in the time of partial disconnection (partialness throttle) of throttle 
equipment, and all disconnection (fiill throttle). That is, at the time of a partialness throttle, the inside of an 
inhalation-of-air system will become negative pressure according to the choke phenomenon by throttle 
equipment, and the amount of the gaseous mixture attracted in a combustion chamber will be much less than 
it at the time of a fiiU throttle. Consequently, even if it could raise the thermal efficiency at the time of a full 
throttle by raising a compression ratio, the thermal efficiency at the time of a partialness throttle with the 
highest fi-equency fell, and was obliged to aggravation of an output or fiiel consumption. 
[0004] On the other hand, in car motor, using superchargers, such as an exhaust air turbocharger (an exhaust 
air turbo is only called hereafter) and a root mold blower, though it is small displacement comparatively, 
what obtains high power has increased in recent years. It is equipment which a supercharger makes exhaust 
gas and a crank output the source of power, drives a compressor, and pressurizes inhalation mind (gaseous 
mixture) as everyone knows, and by equipping an engine with this supercharger, the charging efficiency of 
the gaseous mixture to a combustion chamber increases, and it becomes possible to obtain an output 
equivalent to a large displacement engine. And as a supercharger with which car motor is equipped, it is 
simple and most few exhaust air turbos of actuation loss or the noise are used. 
[0005] Generally, with the engine with an exhaust air turbo, in order to prevent knocking in the high 
revolution region where a charging efficiency becomes higher than a natural aspiration engine, the 
theoretical compression ratio is made low with 7 thru/or about 8.5. However, in the low revolution region of 
an engine with few [ for the sake of the convenience which makes exhaust gas the source of power ] 
amounts of exhaust gas with a natural thing, an exhaust air turbo has the low rotational frequency of a 
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compressor, and the supercharge operation of it is almost lost. Consequently, thermal efficiency became 
extremely low and lowering of an output and aggravation of fuel consumption were brought about by the 
theoretical compression ratio and the decline in a charging efficiency which were low set up from the first at 
the time of low-speed transit. Moreover, when charge pressure becomes higher than a predetermined value, 
in order to prevent a blow up, it has missed in the exhaust air system, without sending exhaust gas to a 
turbine using wastegate etc. Therefore, energy of exhaust gas was not able to be used thoroughly, either. 
[0006] Then, the various adjustable compression ratio intemal combustion engines which can change a 
compression ratio during operation in recent years are proposed. The principle of the adjustable compression 
ratio intemal combustion engine of these former is roughly divided into three lines. 

[0007] The 1st thing prepares Mr. Piston's volxmie modification member in the combustion chamber of the 
cylinder head free [ sliding ], by making this appear frequently, changes volume of combustion chamber 
directly, and is indicated by JP,1-125508,A, JP, 1-232 104, A, etc. 

[0008] Moreover, the 2nd thing is prepared for an eccentric sleeve in the small edge or large end of a 
connecting rod, enabling free rotation, carries out the predetermined include-angle revolution of this 
eccentric sleeve, changes the operation length (namely, piston stroke) of a connecting rod, and is indicated 
by JP,63-32972,B, JP,63-35816,B, etc. 

[0009] And between a crank case and the journal of a crankshaft, the 3rd thing is prepared for an eccentric 
sleeve, enabling free rotation, carries out tihe predetermined include-angle revolution of this eccentric sleeve, 
moves a crankshaft up and down, and is indicated by JP,55-64131,A and JP,58-57040,A. 
[0010] 

[Problem(s) to be Solved by the Invention] By the way, there were the following troubles in the 
conventional adjustable compression ratio intemal combustion engine which mentioned above, respectively. 
For example, in the 1st thing, flame propagation could not be made to perform ideally for the sake of the 
convenience for which a foreign matter slack volxime modification member haxmts a combustion chamber, 
but there was a possibility that thermal efficiency might get worse conversely. Moreover, in order to change 
a compression ratio substantially, the volume and its amount of frequent appearance of a volume 
modification member had to be enlarged, the problem of changing a lot also had the configuration of a 
combustion chamber, and it was not realistic. 

[001 1] Moreover, in the 2nd thing, while having to build the drive of an eccentric sleeve into the connecting 
rod which repeats vertical movement and a splash thousands times per minute and ttie design being very 
difficult, when the increment in an inertial mass and reservation of endurance were taken into consideration, 
the implementation was difficult, moreover, the texture corresponding [ since oil pressure is used for the 
drive of an eccentric sleeve, generally the change of a compression ratio caimot carry out in two steps, but ] 
to operational status — thin control was not completed. 

[0012] Furthermore, in the 3rd thing, since only a crankshaft is moved up and down, a crankshaft is 
uncombinable with a change gear or a driveshaft soon. Therefore, special coupling which combined inner 
****** and outside ****** needed to be used, and the coupling can also be equal to the engine maximum 
output, and reservation on the strength was also difficult. 

[0013] Therefore, there is that [ no ] with which practical use was presented as an adjustable compression 

ratio intemal combustion engine at the present stage, and the implementation was desired. 

[0014] This invention was not accomplished in view of the above-mentioned situation, and it aims at 

offering the adjustable compression ratio intemal combustion engine which can realize the stability and 

positive control of a compression ratio, without changing basic structures, such as a connecting rod and a 

crankshaft, and the manner of support of those. 

[0015] 

[Means for Solving the Problem] The cylinder block with which the cylinder bore to which the piston at 
which the adjustable compression ratio intemal combustion engine of this invention was supported by the 
small edge of a connecting rod reciprocates the interior in order to attain the above-mentioned object was 
formed. While connecting the crank case supported for the crankshaft which supports the large end of said 
connecting rod, enabling a free revolution, and said cylinder block and said crank case It is characterized by 
having a compression ratio modification means to carry out to m2ike these cylinder blocks and a crank case 
approach or desert in accordance with the shaft orientations of the abbreviation aforementioned cylinder- 
bore. 

[0016] Moreover, the adjustable compression ratio intemal combustion engine of this invention is 
characterized by having an intake-pressxire detection means to detect an inhalation-of-air system pressxire, 
and the compression ratio modification means actuation control means which determines a target 
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compression ratio and drives said compression ratio modification meahs based on the detection result of this 

intake-pressure detection means. 

[0017] 

[Fxmction] When an intake-pressure sensor detects the partialness throttle condition that the charging 
efficiency of gaseous mixture is low, for example, an eccentric cam is rotated in the predetermined direction 
and a cylinder block and a crank case are made to approach according to the adjustable compression ratio 
internal combustion engine of this invention. Then, the top dead center location of the piston to a 
combustion chamber rises, a compression ratio becomes high, high thermal efficiency is acquired, and fuel 
consumption also improves. On the other hand, when the full-throttle condition that tiie charging efficiency 
of gaseous mixture is high is detected, hard flow is made to rotate an eccentric cam and a cylinder block and 
a crank case are made to desert. Then, the top dead center location of the piston to a combustion chamber 
descends, a compression ratio becomes low, and knocking is prevented. 
[0018] 

[Example] Hereafter, one example of the adjustable compression ratio internal combustion engine by this 
invention is explained with reference to an attached drawing. As shown in drawing 1 , drawing 2 (A-A 
sectional view in drawing 1 ), and drawing 3 (B-B sectional view in drawing 1 ), the engine 1 of this 
example is a DOHC gasoline engine of a serial 4-cylinder (all over drawing, BC shows the center line of a 
boa), and the pumping system is equipped with the exhaust air turbo which is not illustrated. The crank case 
4 supported for the crank journal 3 of a crankshaft 2, enabling a free revolution consists of an upper crank 
case 5 and a ROAKU rank case 6, and where a crankshaft 2 is incorporated, it is concluded and unified with 
the bolt 7. The large end 10 of a connecting rod (it is hereafter called a connecting rod for short) 9 is 
supported free [ a revolution ] by the crank pin 8 of a crankshaft 2.11 are the oil pan mechanism attached in 
the soffit side of the ROAKU rank case 6 among drawing, and 12 is an engine oil. 

[0019] The cylinder block 13 is arremged at the right above section of a crank case 4, and the piston 15 has 
fitted in free [ sliding ] in the boa 14. If the piston 15 is supported by the small edge 17 of a connecting rod 9 
free [ a splash ] through the piston pin 16 and a piston 15 reciprocates the inside of a boa 14, a crankshaft 2 
will rotate. The cylinder head 20 in which the pumping bulbs 1 8 and 1 9, the valve gear which is not 
illustrated were included is carried in the upper bed side of a cylinder block 12, and a combustion chamber 
21 is formed between the upper bed sides of a piston 14. In addition, a cylinder block 12 and the cylinder 
head 20 are firmly concluded by the cylinder-head bolt which is not illustrated. 22 are the water gallery for 
cooling water formed in a cylinder block 13 and the cylinder head 20 among drawing. 
[0020] Now, with the engine 1 of this example, a crank case 4 and a cylinder block 13 are not imited, and 
are combined by the cam shafts 23 and 24 for compression ratio modification of the-two right and left which 
are a compression ratio modification means (it is hereafter called a cam shaft for short). Both the cam shafts 
23 and 24 are equipped with the narrow diameter portion 26 which fits into the cam holder 25 formed in the 
left lower right edge of a cylinder block 13 free [ rotation ], and the major diameter 28 which fits into the 
cam holder 27 formed in the left top right comer section of a crank case 4 free [ rotation ]. Both the cam 
shafts 23 and 24 are the so-called eccentric cams, and the core of a narrow diameter portion 26 has offset 
them on the horizontal and the outside to the core of a major diameter 28. Therefore, rotation of cam shafts 
23 and 24 moves a cylinder block 1 3 up and down to a crank case 4. 

[0021] As shown in drawing 1 , a narrow diameter portion 26 is arranged at a crank pin 8 and equiphase, 
just beside, i.e., the cross direction, of a center line BC of a boa, and the major diameter 28 is arranged 
between the center lines BC of a boa (i.e., a crank journal 3 and equipheise). Among drawing, 29 and 30 are 
holder caps, and are in the condition incorporating cam shafts 23 and 24, and bolting is carried out to the 
cam holders 25 and 27, respectively. Moreover, 3 1 is a sealing strip which consists of elastic material, such 
as a spring steel plate and a rubber plate, and is infixed between the side plates 33 by which bolting was 
carried out to the transverse rib 32 formed in the cylinder block 13 on the side face of a crank case 4. In 
coimection with ****** of a cylinder block 13 and a crank case 4, elastic deformation of this sealing strip 
3 1 is carried out, it takes up the clearance between both, and prevents trespass of the dust into an engine 1 , 
the blow-by gas to atmospheric air, and runoff of an engine oil. 

[0022] As shown in drawing 4 (C-C sectional view in drawing 1 ), the worm drive 34 and servo motor 35 
which are an eccentric cam shaft driving means are built into the center section of the cross direction of a 
crank case 4. The worm drive 34 consists of a worm gear 36 formed in the major diameter 28 of cam shafts 
23 and 24 in one, and a hard drum type worm gear 37 which meshes to this worm gear 36. The hard drum 
type worm gear 37 is supported by the upper crank case 5 and the holder cap 30 free [ a revolution ] by 
fitting and the tapered-roUer bearing 38 of a couple with which it was equipped. The revolving shaft has 
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fixed to the hard drum type worm gear 37, is controlled by the actuation control unit which is not illvistrated, 
and revolution actuation of the servo motor 35 is carried out in the direction of a forward/reverse rotation. 
[0023] Both the engines 1 of this example are the so-called square engines a boa and whose strokes are 
86mm, and the displacement per 1 cylinder is about 500 cc (total cubic displacement is about 1998 cc). 
Therefore, if a compression ratio is set to 9, the volume of a combustion chamber 21 will be set to 62.5 cc. 
As 9 is made into the criteria compression ratio and it was shown in drawing 4 in this case by this example, 
it is the core OS of the narrow diameter portion 26 of cam shafts 23 and 24. Core OL of a major diameter 28 
The line to connect is level. In addition, core OS Core OL The amount of offset is 10mm. 
[0024] On the other hand, as shown in drawing 5 , in this example, it has ECU (Electronic Control Unit)40 
for performing various control about an engine 1. The information fi-om the intake-pressure sensor 42 which 
detects the pressure in the inlet manifold 41 of an engine 1, the throttle sensor 44 which detects the closing 
motion rate of a throttle valve 43, and the knock sensor 45 which is attached in the cylinder head 20 and 
detects knocking inputs into ECU40. In addition, although the operation information on a large number, 
such as inspired air volume, cooling water temperature, and an intake-air temperature, inputs into ECU40, 
the publication is omitted here. Among drawing, 46 are an exhaust air turbo, pressurize the air inhaled fi-om 
the air cleaner which is not illustrated, and supply it to the throttle-valve body 48 through a surge tank 47. 
[0025] On the other hand, from ECU40, through the ignition driver which is not illustrated, a driving signal 
is outputted to the ignition plug 49, and a driving signal is outputted to a servo motor 35 through Motor 
Driver which does not illustrate this, either. In addition, from ECU40, although a driving signal is outputted 
to a fiiel injector etc., the publication is omitted here. 50 are a linear encoder which detects the relative 
displacement of a crank case 4 and a cylinder block 13 among drawing, and the detection information is 
inputted into ECU40. 

[0026] Hereafter, an operation of this example is described. At this example, if an engine 1 starts operation, 
ECU40 will perform compression ratio control by the predetermined control interval with fiiel-injection 
control and ignition-timing control. The basic information which is in charge of compression ratio control is, 
the pressure, i.e., the intake pressure, in the inlet manifold 41 inputted from the intake-pressure sensor 42, 
for example, this serves as negative pressxire at the time of an idling and the partialness throttle in a low 
revolution region. In ECU40, the target compression ratio according to extent of this negative pressure is set 
up, and specified quantity actuation of the servo motor 35 on either side is carried out in the direction of a 
RLC. Then, as shown in drawing 6 , through the hard drum type worm gear 37, the right-hand side worm 
gear 36 rotates clockwise, and rotates the left-hand side worm gear 36 counter clockwise. If a worm gear 36 
rotates, the cam shafts 23 and 24 of this and one are also rotated in this direction, and it is the core OS of a 
narrow diameter portion 26. Core OL of a major diameter 28 It receives and moves to a slanting lower part. 
[0027] if a worm gear 36, i.e., the rotation include angle of cam shafts 23 and 24, is made into 20 degrees 
here ~ core OS Core OL since the amount of offset is 10mm ~ core OS Core OL it descends by about 
3,4mm and the same is said of the cylinder block 13 to a crank case 4 — amoimt descent will be carried out. 
In this case, the volume of a combustion chamber 21 is set to about 42.8 cc, and a theoretical compression 
ratio is set to 12.7. Consequently, an intake pressure becomes high by lifting of a real compression ratio also 
in the condition that a charging efficiency is low at negative pressure, and both an output and fiiel 
consumption of thermal efficiency improve. In addition, it follows on rotation of cam shafts 23 and 24, and 
is the core OS of a narrow diameter portion 26. Core OL of a major diameter 28 Although it receives, it 
moves also inside and the movement magnitude is set to about 1 .2nim by right and left at the rotation 
include angle of 20 degrees, this is absorbed by the elastic deformation of a crank case 4 and the cylinder 
head 13. Moreover, the movement magnitude to the crank case 4 of a cylinder block 13 is detected by the 
linear encoder 50, and performs feedback control based on this detection result in ECU40. 
[0028] On the other hand, in the high revolution region where the time of the fiiU throttle in a low revolution 
region and the supercharge by the exhaust air turbo 46 are performed briskly, an intake pressure rises 
rapidly. Also in this case, by ECU40, the target compression ratio according to extent of this intake pressure 
is set up, and specified quantity actuation of the servo motor 35 on either side is shortly carried out in the 
direction of a RRC. Then, through [ as shown in drawing 7 ] the hard drum type worm gear 37, the right- 
hand side worm gear 36 rotates counter clockwise, the left-hand side worm gear 36 rotates clockwise, and 
the above-mentioned is the core OS of a narrow diameter portion 26 to reverse. Core OL of a major 
diameter 28 It receives and moves to the slanting upper part. 

[0029] if a worm gear 36, i.e., the rotation include angle of cam shafts 23 and 24, is made into 20 degrees 
here — core OS Core OL it goes up by about 3.4mm, and the same is said of the cylinder block 13 to a crank 
case 4 — amount Hfting will be carried out. In this case, the volume of a combustion chamber 21 is set to 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/7/2006 



JP,07-026981,A [DETAILED DESCRIPTION] 



Page 5 of 5 



about 82.2 cc, and a theoretical compression ratio is set to 7.1 . Consequently, high power is obtained, while 
a real compression ratio does not go up by the condition that an intake pressure is high and that a charging 
efficiency is high, so much but knocking is prevented in it. 

[0030] When making the relative displacement of a crank case 4 and the cylinder block 13 carry out in flie 
vertical direction as mentioned above, a bulb drive poses some problem. That is, the cam shaft which 
constitutes the valve gear in the cylinder head 20 fi"om an OHC engine is driven with the crankshaft 2 
through a cam chain or a timing belt. Therefore, change of the distance of a crankshaft 2 and the cylinder 
head 20 will upset valve timing. That detail is not indicated although this problem is solved in this example 
by synchronizing a cam chain and the idler pulley of a timing belt with migration of the cylinder head 13, 
and moving them by the servo motor of the easy link mechanism. In addition, when replacing with a cam 
chain etc. and adopting a shaft drive, if spline association is used, this problem can be solved easily. 
[0031] On the other hand, when it changes fi-om partialness throttle conditions, such as performing sudden 
acceleration in a low revolution region, to a full-throttle condition rapidly, the following control is 
performed in this example. In ECU40, when the opening speed of the throttle valve 43 detected by the 
throttle sensor 44 is hi^er than a predetermined value, a servo motor 35 is driven in the direction in which a 
compression ratio becomes low, the specified quantity retard of the ignition timing is simultaneously carried 
out from MBT (Minimam advance for the Best Torque), and the ignition plug 49 is driven. Then, the firing 
pressure in a combustion chamber 21 declines as everyone knows, and knocking is prevented beforehand. In 
addition, as for the amount of actuation of a servo motor 35, or the amoimt of retard of ignition timing, it is 
desirable to take the method which performs learning control which made opening speed of a throttle valve 
43 the parameter. 

[0032] It is canceled with lowering of a compression ratio, and the retard of this ignition timing returns to 
MBT, when a target compression ratio is obtained. Therefore, lowering of the fiiel consumption by the 
retard of ignition timing is stopped to the minimum. Moreover, also when a knock sensor 45 detects 
knocking, lowering of a compression ratio and the retard of ignition timing are used together like this, and 
knocking is prevented. 

[0033] Although explanation of one suitable example of this invention is finished above, the mode of this 
invention is not restricted to this example. For example, although the amoimt of offset of the narrow 
diameter portion 26 of cam shafts 23 and 24 and a major diameter 28 was set to 10mm in the above- 
mentioned example, this nximeric value can be set as arbitration and can also determine that rotation include 
angle according to the amount of need modification of a compression ratio. Moreover, a cam shaft 23 and 24 
comrades are connected by a gear etc., and may be made to carry out a synchronous revolution, and a step 
motor, an oil hydraulic cylinder, etc. may be used as the driving means. Furthermore, electric control which 
was mentioned above is not performed but it may be made to perform 23 of a cam shaft, and actuation of 24 
manually according to fluctuation of the octane value of a fuel etc. 

[0034] It is good even if the same in the physical relationship, as it was shown in drawing 8 on the other 
hand, although physical relationship of the narrow diameter portion 26 of the cam shafts 23 and 24 on either 
side and a major diameter 28 was made into bilateral sjmMnetry in the above-mentioned example. In this 
case, the relative displacement of the core of a narrow diameter portion 26 and the core of a major diameter 
28 accompanying rotation serves as the same direction by the cam shafts 23 and 24 on either side, and the 
elastic deformation of a crank case 4 and the cylinder head 13 is lost. Moreover, although the above- 
mentioned example is adopted as straight engine, it may be adopted as a V-type engine and you may make it 
arrange three or more numbers of a cam shaft, as shown in drawing 9 R> 9. Furthermore, as a compression 
ratio modification means, it may replace with a cam shaft and a ball screw, a rack device, etc. may be 
adopted. 
[0035] 

[Effect of the Invention] As mentioned above, since a compression ratio modification means is used and it 
was made to make a cylinder block and a crank case approach or desert in accordance with the shaft 
orientations of an abbreviation cylinder bore as explained to the detail, while it becomes possible to change 
a compression ratio suitably according to the cheirging efficiency of gaseous mixture and the reduction of 
fiiel consumption and the improvement in an output in the time of a partialness throttle etc. can be aimed at, 
knocking which can be set at the time of a full throttle is also prevented. 
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[Drawing 8] 
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[Drawing 9] 
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♦NOTICES* 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This dociunent has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



WRITTEN AMENDMENT 



[procedure amendment] 

[Filing Date] August 23, Heisei 6 

[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The cylinder block with which the cylinder bore to which the piston supported by the small edge 
of a connecting rod reciprocates the interior was formed, 

The crank case supported for the crankshaft which supports the large end of said connecting rod, enabling a 
free revolution. 

The adjustable compression ratio internal combustion engine characterized by having a compression ratio 
modification means to make these cylinder blocks and a crank case approach or desert in accordance with 
the shaft orientations of the abbreviation aforementioned cylinder bore while connecting said cylinder block 
and said crank case. 

[Claim 2] The adjustable compression ratio internal combustion engine according to claim 1 with which said 
compression ratio modification means is characterized by consisting of an eccentric cam shaft of at least a 
left Uichi pair infixed between said cylinder blocks and said crank cases, and an eccentric cam shaft driving 
means which rotates these eccentric cams. 

[Claim 3] The adjustable compression ratio intemal combustion engine according to claim 2 characterized 
by said eccentric cam shaft driving means consisting of the worm gear formed in said eccentric cam shaft, a 
worm gear which meshes to this worm gear, and a motor which carries out revolution actuation of this worm 
gear. 

[Claim 4] An intake-pressure detection means to detect an inhalation-of-air system pressure. 
The adjustable compression ratio intemal combustion engine according to claim 1 characterized by having 
the compression ratio modification means actuation control means which determines a target compression 
ratio and drives said compression ratio modification means based on the detection result of this intake- 
pressure detection means. 

[Claim 5] It has fiirther a valve-opening speed detection means to detect the closing motion rate of a throttle 

valve, 

The adjustable compression ratio intemal combustion engine according to claim 4 with which said 

compression ratio modification means actuation control means is characterized by amending said target 

compression ratio and driving said compression ratio modification means based on the detection result of 

this valve-opening speed detection means. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0019 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0019] The cylinder block 13 is arranged at the right above section of a crank case 4, and the piston 15 has 
fitted in free [ sliding ] in the boa 14. If the piston 15 iis supported by the small edge 17 of a connecting rod 9 
free [ a splash ] through the piston pin 16 and a piston 15 reciprocates the inside of a boa 14, a crankshaft 2 
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will rotate. The cylinder head 20 in which the pumping bulbs 18 and 19, the valve gear which is not 

illustrated were included is carried in the upper bed side of a cylinder block 13, and a combustion chamber 

21 is formed between the upper bed sides of a piston 14. In addition, a cylinder block 12 and the cylinder 

head 20 are firmly concluded by the cylinder-head bolt which is not illustrated. 22 are the water gallery for 

cooling water formed in a cylinder block 13 and the cylinder head 20 among drawing. 

[Procedure amendment 3] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0020 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0020] Now, with the engine 1 of this example, a crank case 4 and a cylinder block 13 are not united, and 
are combined by the cam shafts 23 and 24 for compression ratio modification of the-two right and left which 
are a compression ratio modification means (it is hereafter called a cam shaft for short). Both the cam shafts 
23 and 24 are equipped with the narrow diameter portion 26 which fits into the cam holder 25 formed in the 
left lower right edge of a cylinder block 13 firee [ rotation ], and the major diameter 28 which fits into the 
cam holder 27 formed in the left top right comer section of the upper crank case 5 fi-ee [ rotation ]. Both the 
cam shafts 23 and 24 are the so-called eccentric cams, and the core of a narrow diameter portion 26 has 
offset them on the horizontal and the outside to the core of a major diameter 28. Therefore, rotation of cam 
shafts 23 and 24 moves a cylinder block 1 3 up and down to a crank case 4. 
[Procedure amendment 4] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0027 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0027] here, when a worm gear 36, i.e., the rotation include angle of cam shafts 23 and 24, is made into 20 
degrees, since the amount of offset of Core OS and Core OL is lOnrai, Core OS descends by about 3.4nmi, 
and the same is more nearly said of the cylinder block 1 3 than Core OL to a crank case 4 — amoimt descent 
will be carried out. In this case, the volume of a combustion cheimber 21 is set to about 42.8 cc, and a 
theoretical compression ratio is set to 12.7. Consequently, an intake pressure becomes high by lifting of a 
real compression ratio also in the condition that a charging efficiency is low at negative pressxire, and both 
an output and fiiel consumption of thermal efficiency improve. In addition, although it moves also inside to 
the core OL of a major diameter 28 with rotation of cam shafts 23 and 24 at the core OS of a narrow 
diameter portion 26 and the movement magnitude is set to about 1 .2nmi by right and left at the rotation 
include angle of 20 degrees, this is absorbed by the elastic deformation of a crank case 4 and a cylinder 
block 13. Moreover, the movement magnitude to the crank case 4 of a cylinder block 13 is detected by the 
linear encoder 50, and performs feedback control based on this detection result in ECU40. 
[Procedure amendment 5] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0030 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0030] When making the relative displacement of a crank case 4 and the cylinder block 13 carry out in the 
vertical direction as mentioned above, a bulb drive poses some problem. Tliat is, the cam shaft which 
constitutes the valve gear in the cylinder head 20 fi-om an OHC engine is driven with the crankshaft 2 
through a cam chain or a timing belt. Therefore, change of the distance of a crankshaft 2 and the cylinder 
head 20 will upset valve timing. That detail is not indicated although this problem is solved in this example 
by synchronizing a cam chain and the idler pulley of a timing belt with migration of a cylinder block 1 3, and 
moving them by the servo motor or the easy link mechanism. In addition, this problem is easily solvable, if 
spline association is used while replacing with a cam chain drive etc. and adopting a shaft drive. 
[Procedure amendment 6] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0034 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0034] It is good even if the same in the physical relationship, as it was shown in drawing 8 on the other 
hand, although physical relationship of the narrow diameter portion 26 of the cam shafts 23 and 24 on either 
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side and a major diameter 28 was made into bilateral symmetry in the above-mentioned example. In this 
case, the relative displacement of the core of a narrow diameter portion 26 and the core of a major diameter 
28 accompanying rotation serves as the same direction by the cam shafts 23 and 24 on either side, and the 
elastic deformation of a crank case 4 and a cylinder block 13 is lost. Moreover, although the above- 
mentioned example is adopted as straight engine, it may be adopted as a V-type engine and you may make it 
arrange three or more numbers of a cam shaft, as shown in drawing 9 . Moreover, as a compression ratio 
modification means, it may replace with a cam shaft and a ball screw, a rack device, etc. may be adopted. 
[Procedure amendment 7] 
[Document to be Amended] DRAWINGS 
[Item(s) to be Amended] drawing 1 
[Method of Amendment] Modification 
[Proposed Amendment] 
[Drawing 1] 




[Procedxire amendment 8] 

[Document to be Amended] DRAWINGS 

[Item(s) to be Amended] drawing 2 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Drawing 2] 
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[Procediire amendment 9] 

[Document to be Amended] DRAWINGS 

[Item(s) to be Amended] drawing 4 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Drawing 4] 



http :// www4 .ipdl . ncipi . go .jp/cgi-bin/tran_web_cgi_ej j e 6/7/2006 



JP,07-026981,A [] 




[Procedure amendment 1 0] 
[Document to be Amended] DRAWINGS 
[Item(s) to be Amended] drawing 6 
[Method of Amendment] Modification 
[Proposed Amendment] 
[Drawing 6] 
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[Procedure amendment 11] 
[Document to be Amended] DRAWINGS 
[Item(s) to be Amended] drawing 7 
[Method of Amendment] Modification 
[Proposed Amendment] 
[Drawing 7 ] 
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[Procedure amendment] 

[Filing Date] September 20, Heisei 6 

[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The cylinder block with which the cylinder bore to which the piston supported by the small edge 
of a connecting rod reciprocates the interior was formed. 

The crank case supported for the crankshaft which supports the large end of said coimecting rod, enabling a 
free revolution, 

The adjustable compression ratio internal combustion engine characterized by having a compression ratio 
modification means to make tiiese cylinder blocks and a crank case approach or desert in accordance with 
the shaft orientations of the abbreviation aforementioned cylinder bore while connecting said cylinder block 
and said crank case. 

[Claim 2] The adjustable compression ratio intemal combustion engine according to claim 1 with which said 
compression ratio modification means is characterized by consisting of an eccentric cam shaft of at least a 
left Uichi pair infixed between said cylinder blocks and said crank cases, and an eccentric cam shaft driving 
means which rotates these eccentric cams. 

[Claim 3] The adjustable compression ratio intemal comb\istion engine according to claim 2 characterized 
by said eccentric cam shaft driving means consisting of the worm gear formed in said eccentric cam shaft, a 
worm gear which meshes to this worm gear, and an actuator which carries out revolution actuation of this 
worm gear. 

[Claim 4] An intake-pressure detection means to detect an inhalation-of-air system pressure, 
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The adjustable compression ratio internal combustion engine according to claim 1 characterized by having 
the compression ratio modification means actuation control means which determines a target compression 
ratio and drives said compression ratio modification means based on the detection result of this intake- 
pressure detection means. 

[Claim 5] It has further a valve-opening speed detection means to detect the closing motion rate of a throttle 
valve, 

The adjustable compression ratio internal combustion engine according to claim 4 with which said 

compression ratio modification means actuation control means is characterized by amending said target 

compression ratio and driving said compression ratio modification means based on the detection result of 

this valve-opening speed detection means. 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] 0022 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0022] As shown in drawing 4 (C-C sectional view in drawing 1 ), the worm drive 34 which is an eccentric 
cam shaft driving means, and the servo motor 35 which is an actuator are built into the center section of the 
cross direction of a crank case 4. The worm drive 34 consists of a worm gear 36 formed in the major 
diameter 28 of cam shafts 23 and 24 in one, and a hard drum type worm gear 37 which meshes to this worm 
gear 36. The hard drum type worm gear 37 is supported by the upper crank case 5 and the holder cap 30 free 
[ a revolution ] by fitting and the tapered-roUer bearing 38 of a couple with which it was equipped. The 
revolving shaft has fixed to the hard drum type worm gear 37, is controlled by the actuation control unit 
which is not illustrated, and revolution actuation of the servo motor 35 is carried out in the direction of a 
forward/reverse rotation. 
[Procedure amendment 3] 
[Docviment to be Amended] Description 
[Item(s) to be Amended] 0030 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0030] When making the relative displacement of a crank case 4 and the cylinder block 13 carry out in the 
vertical direction as mentioned above, a bulb drive poses some problem. That is, the cam shaft which 
constitutes the valve gear in the cylinder head 20 from an OHC engine is driven with the crankshaft 2 
through a cam chain or a tinwng belt. Therefore, change of the distance of a crankshaft 2 and the cylinder 
head 20 will upset valve timing. That detail is not indicated although this problem is solved in this example 
by synchronizing a cam chain and the idler pulley of a timing belt with migration of a cylinder block 13, and 
moving them by the servo motor or the easy link mechanism. In addition, it replaces with a cam chain etc., a 
shaft drive is adopted, and elastic, then this problem can solve that drive shaft easily through spline 
association etc. 

[Translation done.] 
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c c tuos mt^&m^\t7 . 1 i:;tt«). -eo^m. m 
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>'F 2 3. 2 4Xm — <D-:^\^tU0 . ^yy^^ — y^4 
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50 C 0 0 3 5 ] 
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